The non-relativistic D2-brane is treated in the framework of pure spinor formalism. The fermionic constraints corresponding to the rescaled fermionic coordinates are given. Two commuting spinor fields are introduced, each one corresponding to a fermionic constraint. A BRST charge is constructed via the ansatz proposed by N. Berkovits in [1]- [4] . The nilpotency of the BRST charge leads to a set of constraints for the two spinor fields including pure spinor constraints. A nontrivial solution is given for one of the spinor fields.
Introduction
The pure spinor formalism introduced by N. Berkovits [1] - [4] is a successful attempt to solve the longstanding problem of finding a manifestly supersymmetric and covariant superstring formalism. The basic ingredient is the BRST-like operator Q = dzλ α d α where d α is the fermionic constraint that appears in the conventional Green-Schwarz formalism and λ α is a bosonic chiral spinor that plays the role of the associated "ghost". For Q to be regarded as a BRST operator must be nilpotent and this leads to the relation λ α γ m αβ λ β = 0. This in 10 dimensions is the condition for λ α to be charactrized as a pure spinor.
An important property of Q is that its cohomology correctly reproduces the spectrum of the superstring. The pure spinor formalism has been used as well for the covariant quantization of the superparticle [3] and also to study several aspects of string theory, for example the propagation of strings in curved backgrounds [5] - [8] .
Another important application is the calculation of scattering amplitudes within the framework of superstring theory [9] - [13] . The manifest Lorentz covariance and spacetime supersymmetry make the calculation much easier than in other formalisms. Thus, pure spinors play a crucial role within string perturbation theory. However, within the context of branes (D-branes, superbranes), there are almost no non-trivial solutions reported in the literature. In particular, the Lagrangian formalism for the supermembrane for 11d supergravity backgrounds was constructed in [14] within the pure spinor framework where a solution to the pure spinor constraints was presented as well.
In this paper we try to extend the pure spinor formalism to the case of the nonrelativistic IIA D2-brane. The nonrelativistic limit of string theories [15] - [16] give us a deeper understanding of string theories themselves. The nonrelativistic limit of Dp branes has been studied in [17] - [18] . It is important to note that in this limit the kappa symmetry is maintained and this allows us to treat nonrelativistic Dp branes in the framework of the pure spinor formalism.
Here we present novel non-trivial solution for the non-relativistic D2-brane within the pure spinor formalism. This fact could lead to the quantization of branes with interesting and relevant results.
Our starting point is the action of a IIA D2-brane in a flat 10d background. The fields consist of the 10d superspace coordinates (x m , θ) and an abelian gauge field A µ [19] - [21] :
where T is the string tension and the Wess-Zumino action reads
and m, n = 0, .., 9/µ, ν = 0, 1, 2.
The action (1.1) has a global supersymmetry and also a local supersymmetry (kappa symmetry).
The action for the non-relativistic D2-brane is obtained from (1.1) by doing the following rescaling [17] - [18] :
where the subindex N R stands for non-relativistic and i, µ = 0, 1, 2/a = 3, .., 9.
where θ + , θ − are eigenstates of
The action of the non-relativistic D2-brane is obtained by expanding (1.1) in powers of ω and keeping the finite part as ω → ∞ [18] 
where
i, µ = 0, 1, 2/a = 3, .., 9; also
where we have introduced the following quantities ǫ 012 = 1, η µν = diag(−1, 1, 1), η aa´= diag(1, .., 1), µ, ν = 0, 1, 2; a, a´= 3, .., 9; 25) where
We denote by [L
The Lagrangian density of the non-relativistic D2-brane is given by:
The action (1.16) is invariant under the non-relativistic counterpart of the global and local supersymmetric transformations that leave the relativistic D2-brane action (1.1) invariant [17] . The conjugate momenta of the variables x µ , x a , θ + , θ − , w i are given by:
and
where l = 1, .., 32; and
The fermionic constraints are given by
where the last derivative does not include differentiation with respect to u a 0 , F
0i , and
where the last derivative does not include differentiation with respect to u
0i . We introduce now two commuting spinor fields λ + , λ − corresponding to the fermionic constraints F + , F − and we write down a BRST charge according to the ansatz proposed in
A set of BRST transformations is the following:
where again µ, ν = 0, 1, 2/i, j = 1, 2/a = 3, .., 9/l = 1, ..32; from which we obtain
where we used the ansatz
The full set of constraints required for the nilpotency of the BRST charge is obtained by studying the equal time Poisson bracket {Q(σ), Q(σ ′ )} where Q(σ) is given in (1.34 
where ǫ 012 = 1. The final expression for the equal time Poisson bracket {Q(σ), Q(σ ′ )} where Q(σ) is the full expression for the BRST charge given in (1.34) is given by:
where now i = 1, 2/µ, ν, ρ = 0, 1, 2/a, b, c, d, f, g, l, m, n = 3, .., 9; and the ansatz λ − = P − λ is used.
The expressions for F µ , F a , F ab , F νabdf , F , F a , F ν , F νb , F νabc , F νab , F f glm , F lmn are given in Appendix B. These expressions are different from zero, so the following constraints guarantee the nilpotency of the BRST charge:
with the ansatz λ − = P − λ, (i = 1, 2/µ, ν = 0, 1, 2/a, b, c, d, f, g, l, m, n = 3, .., 9) .
Solving the constraints
In order to solve the constraints (1.41) we use the methodology used in [22] - [23] . The Dirac matrices Γ m (m = 0, 1, .., 9) are combined into five creation operators a i (i = 1, .., 5) and five annihilation operators a i (i = 1, .., 5) as follows:
The following identities hold:
Here we introduce the vacuum state | 0 > and the state < 0 | with the equations:
We decompose a 32-component Dirac spinor into a sum of a positive chirality 16-component part and a negative chirality 16-component part as follows:
(1 + 10 + 5) + (1 + 10 + 5),
Let us try to solve from (1.41) the constraints λ + Γ µ λ + = 0 and λ + Γ µν λ + = 0 (where
It is interesting to note that λ + can be written as a sum of two pure spinors λ 1+ = P + λ + and λ 2+ = P − λ + where P ± = 1 2
(1 ± Γ 0 Γ 1 Γ 2 ) and the constraints λ + Γ µ λ + = 0 , λ + Γ µν λ + = 0, (µ, ν = 0, 1, 2) can be expressed equivalently as two pure spinor constraints:
The constraints λ + Γ µ λ + = 0 can be written as follows:
Let us suppose that | λ + > is chiral:
then we obtain
where now ǫ 12345 = 1. The constraints λ + Γ µν λ + = 0, (µ, ν = 0, 1, 2) can be expressed as:
These expressions are identically zero for | λ + > chiral, so from (2.5) and (2.7) we get
For the general case we can write
Thus we have the following relations:
12)
On the other hand the constraints λ + Γ µν λ + = 0 can be rewritten as follows:
From (2.11)-(2.14) we obtain
Now from (1.41) we deal with the following constraints:
where µ = 0, 1, 2/a, b, c, d = 3, .., 9 with λ − = P − λ (P − is given in (1.38) ). Thus, we can write
We have that P T − C = CP − where C is the charge conjugation matrix. So for example the constraints λ − Γ µ λ − = 0 can be rewritten as follows:
The solution of the constraints in (2.16) is the trivial one. This can be shown as follows. Let us consider the following 16 constraints:
which can be rewritten as:
and the expression for | λ > is given in (2.4). We follow the claim made in [22] - [23] that a chiral spinor can be chosen to be real and assume that | λ > is real. Then the relations (2.20)-(2.35) imply that all the components of | λ > are zero as a solution to the constraints (2.16). It is interesting to note that λ − corresponds to θ − which is a gauge degree of freedom as pointed out in [17] .
Conclusions
In this paper we treated the non-relativistic IIA D2 brane in the framework of the pure spinor formalism [24] . We derived the fermionic constraints corresponding to the rescaled fermionic coordinates. We introduced two commuting spinor fields each one corresponding to a fermionic coordinate. The nilpotency of the BRST charge leads to a set of constraints for the two spinor fields including pure spinor constraints. Nontrivial solutions are found for the spinor field λ + which corresponds to the fermionic coordinate θ + . It is interesting to note that the solution for the spinor field λ − corresponding to θ − which, according to the proof given in [17] constitutes a gauge degree of freedom, is the trivial one. Thus, we can set θ− = 0 without loss of generality. This study can be performed for more general manifolds and for 11 dimensions as well. We would like to finally mention that the treatment of the relativistic Dp-brane in the framework of pure spinor formalism has been reported in [25] .
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Appendix A
For the matrices Γ m (m = 0, .., 9) we use the Majorana representation (Γ 0 is real antisymmetric, Γ i (i = 1, .., 9) are real symmetric)
where η mn = diag(−1, 1, .., 1) and m, n = 0, .., 9; and
A basis for the 32 × 32 matrices is given by (see Appendix B in [26] for instance):
with A < B < C < D < E .
For the differential form dθ we use the convention given in [19] :
The following identities hold for λ − = P − λ: 
